The relationship between depression and severe obesity is unclear. We examined depression before and after surgically induced weight loss.
O
BESITY IS the most common chronic physical illness in modern society, and depression is the most prevalent psychological condition. Despite the high prevalence of these conditions, exploration of any association between them has been limited. The nature of the relationship between obesity and depressive illness remains unclear, with data more suggestive of a positive relationship rather than the "fat and jolly" hypothesis. 1, 2 Many studies have shown an increase in the prevalence of depression and psychological illness in obese subjects, including children [3] [4] [5] [6] [7] [8] [9] [10] ; however, a causal relationship has not been established.
A number of mechanisms exist through which depression and obesity may be linked or interact. Symptoms of depression correlate significantly with reported body image dissatisfaction. [11] [12] [13] The severely obese person certainly suffers stigmatization, discrimination, 14, 15 and major psychosocial disturbance, 16 which may cause or aggravate a depressive illness. In addition, repeated failed attempts to lose weight are the norm, and this failure may be accompanied by thoughts of guilt, hopelessness, and poor self-esteem. 17 Obesity is associated with a high prevalence of binge eating disorder, which is frequently accompanied by depression and seen more commonly in those attempting to lose weight. 18, 19 Serious health consequences and physical disability often accompany severe obesity, and these in turn may aggravate depression. Alternative hypotheses link the development of obesity to depression. Obesity may develop as a result of reduced interest and enjoyment of physical activity or, in susceptible subjects, increased appetite for energy-rich comfort foods. Depression in children has been positively associated with adult body mass index (BMI; calculated as weight in kilograms divided by the square of height in meters), 20 and depression in adolescence tends to exaggerate weight change tendencies, with leaner subjects becoming leaner adults and heavier subjects becoming heavier adults when compared with nondepressed controls. 21 Adolescent pregnant girls with poor self-esteem and symptoms of depression tended to deposit excessive fat during pregnancy. 22 Obesity can be associated with secondary gain; eg, subjects who have experienced sexual abuse may feel threatened by appearing physically attractive. 23, 24 Another possibility is that medication used to treat depression may lead to weight gain. 25 Finally, all of the above conditions may be genetically related, with first-degree relatives of obese subjects more likely to experience a range of psychiatric conditions, including depression. 26 Improvement in depression has been reported after significant weight loss after bariatric surgery 27-29 and behavioral and dietary interventions. 30, 31 One study also found that patients with symptoms of depression lost more weight after gastroplasty. 32 However, study findings have not been universally positive. Waters et al 33 reported the mental health outcomes after gastric bypass surgery and found improvement in the first 6 to 12 months but a return to preoperative levels by 2 years, with note of several late suicides. A small study of 21 subjects reported an increase in depression in subjects who successfully lost weight after gastroplasty. These authors hypothesized that marked weight loss may lead to problems of adaptation that may trigger depressive reactions. 34 Is depression a comorbidity of obesity? The American Obesity Association defines a comorbidity as any condition associated with obesity that usually worsens as the degree of obesity increases and that often improves as the condition is treated. 35, 36 Although there would appear to be good evidence of a positive relationship between obesity and depression, it is unclear what impact weight loss has on depression. It is also unclear which obese subjects are at greatest risk for depression. If depression is a true comorbidity of obesity, then we hypothesize that a positive association exists between obesity and depression and that sustained weight loss should produce a sustained reduction in measures of depression. In addition, we hypothesize that greater falls in measures of depression should occur in those with greater weight loss and in groups with greater risk for obesity-associated depression. The aim of our study was to explore these hypotheses.
We have used the 21-item Beck Depression Inventory (BDI) as a measure of the characteristic attitudes and symptoms of depression in severely obese subjects presenting for the Bioenterics Lap-Band System of gastricrestrictive weight-loss surgery (Inamed Health Corporation, Santa Barbara, Calif; hereafter referred to as LapBand surgery). We have used the BDI to help assess the risk for depression within groups, not to diagnose depression in any given patient. The BDI was completed in a self-reported, written manner. In addition, subjects have completed the same instrument at yearly intervals after Lap-Band surgery. The BDI 37 has been used for longer than 40 years as a measure of depression. It has been validated and used in different ethnic groups, subjects with coexistent medical conditions, and obese subjects. 6, [38] [39] [40] [41] Our study had the following 3 aims:
1. To look for predictors of depression, as measured by the BDI, in consecutive severely obese subjects presenting for Lap-Band surgery.
2. To assess for any change in BDI score with weight loss after Lap-Band surgery.
3. To look for predictors of any change in the BDI after Lap-Band surgery.
METHODS
Patients with a BMI of greater than 35 and significant medical, physical, and/or psychosocial disabilities and in whom significant attempted weight reduction by other means had failed for at least 5 years were considered for surgery. In all cases, a physician referred the patient for consideration of obesity surgery. Fewer than 10% of those referred specifically for obesity surgery decided not to proceed. We did not survey those who chose not to proceed with surgery. Preoperative assessment included medical assessment, documentation of comorbidity, anthropometric measurements, biochemical tests, and completion of standardized questionnaires, including the BDI. The same assessment has been made at yearly intervals after surgery as part of a comprehensive follow-up program. Informed written consent was obtained from all patients before surgery. The study has been performed in accordance with the Declaration of Helsinki.
The Lap-Band system consists of a band of silicone elastomer with an inflatable inner shell and a buckle closure connected by tubing to an access port placed outside the abdominal cavity. The inner diameter of the band can be readily adjusted by the addition or removal of isotonic sodium chloride solution through the access port. The band is placed laparoscopically around the upper stomach, approximately 1 cm below the esophagogastric junction. The procedure has been shown to be very safe, effective, and minimally invasive. The adjustability provides a unique ability to alter the degree of restriction for a gentle, progressive, and durable weight loss.
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PATIENT SELECTION
The use of BDI was commenced in January 1999, and since then, 487 patients admitted to the surgical weight-loss program have completed the BDI in addition to the other measures. The data from these patients have been used to look for predictors of depression in obese patients (aim 1).
When we commenced the comprehensive preoperative assessment, including the BDI questionnaire, we also began administering the questionnaire to subjects attending for annual follow-up review. Thus, not all subjects who completed yearly follow-up questionnaires completed the preoperative questionnaire. The responses to preoperative and yearly follow-up questionnaires have been used to evaluate the mean BDI scores in groups based on the time the questionnaire was completed after Lap-Band surgery (aim 2).
We used paired preoperative and 1-year data from the 262 available patients who have completed the preoperative and 1-year postoperative questionnaires to identify predictors of change in BDI score with weight loss (aim 3).
Self-administered questionnaires included the following. The BDI was used to assess characteristic attitudes and symptoms of depression and, therefore, the risk for depression within a population. We have not made a clinical diagnosis of depression, using the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria, 43 in individual cases, and therefore we have used the BDI to measure the characteristic attitudes and symptoms of depression within groups. The full 21-item version was used and total scores were calculated. There was no secondary analysis or subanalysis of specific items or groups of items. We have chosen to use the following cutoff values for grouping total BDI scores: reference group, 0 to 9; mild depressive symptoms, 10 to 15; moderate depressive symp-toms, 16 to 22; and major depressive symptoms, 23 to 63. Several minor variations have been used previously. 6, 38, 44 The BDI contains questions to assess all 9 characteristic attitudes and symptoms listed in the DSM-IV criteria for a major depressive episode.
The Medical Outcomes Trust's SF-36 Health Survey (SF-36) questionnaire (modified Australian version) 45, 46 was completed to assess health-related quality of life. The health survey was scored in a standard manner into 8 multi-item scaled scores, or domains. 46 The domain-scaled scores (0-100) are physical function, physical role, pain, general health, vitality, social functioning, emotional role, and mental health. The scores from the 8 domains were individually weighted into physical and mental components, then combined to calculate the SF-36 physical and mental health summary scales. 47 These 2 health summary scales were adjusted to achieve a community mean value of 50 with an SD of 10.
Appearance orientation (AO) and appearance evaluation (AE) sections of the Multidimensional Body-Self Relations Questionnaire were completed. 48 The AO score 49 is a measure of the investment in one's appearance. The AE score 49 is a measure of one's self-evaluated attractiveness and satisfaction with one's looks. These are scored in a standard manner of 1 to 5, with higher scores indicating greater investment in or satisfaction with appearance.
The Epworth Sleepiness Scale (ESS), a validated instrument that measures daytime sleepiness, was also completed. 50, 51 The normal community mean±SD score is 4.0±3.0, with excessive daytime sleepiness defined as an ESS score greater than 10.
We used results of detailed clinical evaluation, including questionnaires and serial interviews, to obtain demographic details, medical and psychiatric history, and history of smoking and alcohol consumption. In addition, standard anthropometric measures of height, weight, waist, hip, and neck were taken, along with biochemical measures to assess metabolic risk and nutritional status.
Preoperative excess weight is calculated as the weight in kilograms at the time of surgery less the ideal weight in kilograms as measured by the Metropolitan Height and Weight Tables (1983) . 52 Percentage of excess weight loss (EWL) is calculated by dividing the weight loss by the preoperative excess weight, and by multiplying the result by 100.
All patients are asked to complete a weight history questionnaire preoperatively to indicate their weight at different stages in their life. The stage at which they first indicate they were above average weight is taken as an indication of the stage in their life when a weight problem was first recognized.
STATISTICAL ANALYSIS
The BDI scores were normally distributed, with mean±SD reported. We used the independent 2-tailed t test to assess for differences in BDI scores between 2 groups. With the Tukey method of post hoc analysis, we used analysis of variance to assess more than 2 groups. Raw correlation coefficients were calculated using Pearson or Spearman methods as appropriate. Linear regression analysis was used with forward and backward modeling to find independent predictors of actual values of normally distributed continuous variables, preoperative BDI scores, and the change in BDI scores at 1 year. Regression analysis was performed in the following series of blocks: (1) age, sex and BMI; (2) anthropometric measures and markers of insulin resistance; (3) history of medical illness (hypertension, diabetes mellitus, depression, etc); and finally (4) specific questionnaire results (the physical function domain of SF-36 as a measure of physical ability, AE as a measure of satisfaction with appearance, and ESS as a measure of daytime sleepiness). The percentage of EWL at 1 year was added to the regression analysis for change in BDI at 1 year. We reported ␤ coefficients and combined r 2 statistics. The following 3 sets of data were analyzed: (1) data from the 487 consecutive patients preoperatively; (2) scores obtained preoperatively and at 1-through 4-year follow-ups; and (3) paired preoperative and 1-year postoperative BDI questionnaires completed by 262 patients. All analyses were performed using SPSS for Windows, Version 10. 53 
RESULTS
At present, 487 consecutive patients have completed the BDI preoperatively. Characteristics of the group are shown in Table 1 . These patients had a BMI range from 35 to 74. The mean preoperative BDI score was 17.7±9.5. Thus, the mean score for these subjects is within the moderate range of symptoms of depression. The characteristics of patients grouped by BDI scores, indicating the reference group and mild, moderate, and major symptoms of depression, are shown in Table 1 . Younger age, female sex, a history of depressive illness, poor physical function, and poor appearance evaluation were all independently associated with higher BDI scores ( Table 2) . More than 50% of women younger than 35 years with an AE score below the mean (Ͻ1.6) had a BDI score of 23 or greater (mean BDI score, 23.1 ± 10), indicating major symptoms of depression. A history of depression was reported at the preoperative interviews by 185 patients (38%). Their mean BDI scores were significantly higher than those not reporting a history of depression (22.0±9 vs 15.1±8; PϽ.001).
The BDI scores in these obese patients correlated very well with the mental health domain scores (r = −0.74; PϽ.001) and mental component summary scores (r=−0.67; PϽ.001) of the SF-36. Low scores in each of the 8 qualityof-life domains of the SF-36 were associated with higher BDI scores ( Table 3) . There was a positive correlation between higher BDI scores and the ESS scores (r=0.15; P=.001) and poor sleep quality (Table 1) . Of the 487 patients, 99 had been referred for overnight polysomnography, as obstructive sleep apnea was suspected. In this group, there was no correlation between sleep apnea and BDI scores after controlling for age and sex.
In these obese subjects, anthropometric measures, including BMI, weight, waist, hip, and neck circumference, and waist-hip ratio, did not predict higher BDI scores. Measures of fasting plasma glucose and insulin levels and calculated insulin resistance index were not predictive of BDI score. Obesity comorbid conditions of diabetes, hypertension, and osteoarthritis were not associated with higher BDI scores. Socioeconomic status as indicated by residential address and the time in life that a weight problem was first noted did not influence BDI scores.
Severely obese women had significantly higher BDI scores than severely obese men ( Table 4) . They also had significantly lower SF-36 mental health summary scale scores and a greater discrepancy between AO and AE (Table 4) .
BDI ACROSS 4 YEARS
The BDI scores for all patients who completed the questionnaire preoperatively and at yearly follow-up are shown in Table 5 . Eighty-five percent of patients to reach the 1-year follow-up after Lap-Band surgery completed the questionnaires. The completion rate for patients reaching the annual milestones beyond 1 year is 77%. The mean preoperative BDI scores for subjects not completing postoperative follow-up questionnaires was 17.8±9.0, no different from that for the whole group (17.7 ± 9.5). The lower numbers in the latter years simply reflect fewer patients to have reached these follow-up milestones. This table also details the mean BMI and percentage of EWL at yearly follow-up. When compared with preoperative scores, significantly lower mean BDI scores were reported at each of the yearly review periods. There was no significant difference between the scores at 1 to 4 years of follow-up.
INFLUENCES ON THE CHANGE IN BDI SCORE AT 1 YEAR AFTER LAP-BAND SURGERY
For 262 subjects (45 men and 217 women) with paired preoperative and 1-year postoperative BDI scores, mean weight and BDI score changes are shown in Table 6 . The percentage of subjects in each depression symptom category, as assessed preoperatively and at 1 year, is shown in the Figure. This group did not differ in any way when compared with the whole group of preoperative patients. Predictors of the change in BDI scores at 1 year were sought. Greater falls in BDI score were seen in women, younger subjects, those with a greater percentage of EWL, and those with a poorer preoperative appearance evaluation. These factors had independent effects ( Table 7) . Preoperative physical disease associated with obesity was not predictive of change in BDI score. However, a history of depression (n=79 [30%]) was associated with a greater mean fall in BDI score at 1 year (Tables 6 and 7) .
Fifty (19%) of the 262 patients were taking antidepressant medications preoperatively. The mean BDI score fell significantly at 1-year follow-up (Table 6 ). The mean fall (8.3±9.0) was not significantly different from that in subjects not taking antidepressants preoperatively (9.6±9.0). Significantly fewer of these 28 (11%; P=.006) were taking antidepressants at the 1-year follow-up. Five new patients (2%) had commenced antidepressant therapy in the year after surgery. The total number using antidepressants decreased in the year after surgery (P=.04, by 2 test). Decisions to cease antidepressant medication therapy were in all cases made by the patient's primary care physician.
We found a significant correlation between the fall in BDI score and the improvements in AE (r = −0.31; PϽ.001) and mental (r = −0.52; PϽ.001) and physical component summary scores (r =−0.25; PϽ.001) of the SF-36. We also found a significant positive relationship between the falls in BDI and ESS scores (r=0.14; P=.03).
Twenty-eight patients had a rise in BDI at 1 year. However, this group had lower mean preoperative BDI scores (9.2 ± 6.0) compared with the remainder (18.2±9.0). Of these patients, most had a trivial rise within the reference range or the range of mild depression. Ten patients had a rise in BDI score of greater than 5 points, and of these, scores of greater than 16 points developed in 6. Factors associated with a clinically relevant rise in BDI score were mixed. Eight of the 10 patients had a history of depressive illness, despite normal preoperative BDI scores in 4. Three had significant postoperative complications, ie, liver toxic effects, tubing disconnection, and band erosion. Other contributing causes included menopause, postnatal depression, and employment difficulties. In no case was weight loss itself likely to have contributed to the development of depressive illness.
DEPRESSION AND WEIGHT LOSS
We previously reported that a history of depressive illness has no influence on weight loss after Lap-Band surgery. 54 In the present study, we have found no relationship between preoperative BDI score and percentage of EWL at 1 and 2 years after surgery. In addition, the percentage of EWL for the 50 patients taking antidepressants preoperatively was the same (46.1%±20.0%) as for those not taking them (45.9%±18.0%). Abbreviations: AE, appearance evaluation; AO, appearance orientation; BDI, Beck Depression Inventory; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); SF-36, Medical Outcomes Trust Short-Form 36-Item Health Survey.
*Data are expressed as mean ± SD. †Calculated by independent t tests. Abbreviations: BDI, Beck Depression Inventory; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); EWL, excess weight loss; NA, not applicable.
*Data are expressed as mean ± SD. †Significant differences (PϽ.05) were assessed using analysis of variance, with the Tukey method used for post hoc analysis. Differences between values marked superscript a and b were significant, as were those marked superscript c and d.
COMMENT
Our findings support the hypothesis that depression is a significant comorbidity of severe obesity. We have found that the majority of patients (53%) presented with BDI scores of 16 or greater, indicating a high prevalence of characteristic attitudes and symptoms of depression. Although affecting severely obese subjects generally, younger subjects, women, and those with a poor body image experience the greatest burden, with these factors having an additive effect. These findings are consistent with the results of previous studies. 11, 12 We have previously shown very poor measures of quality of life in severely obese subjects, with the impairment greatest in the physical rather than the mental component measures. 55 Symptoms of depression in these obese subjects, indicated by high BDI scores, were strongly associated with poor quality-of-life scores for all 8 SF-36 domain scores, especially those related to social functioning, emotional role, and mental health.
We found no association between BDI scores and measures of weight distribution, fasting insulin level, insulin resistance, or diseases associated with the metabolic syndrome, such as type 2 diabetes mellitus and hypertension. It would not appear that factors associated with the metabolic syndrome or the increased risk for serious disease associated with this syndrome are driving the tendency to depression. This is an important negative finding, as it has been hypothesized that the psychological stress would stimulate the hypothalamic-pituitary-adrenocortical axis and contribute to illness of the metabolic syndrome. 56 The significant and sustained fall in mean BDI scores with weight loss supports the hypothesis that severe obesity and/or associated conditions cause or aggravate depression. Our findings do not broadly support the countercausation hypothesis that obesity may be caused or aggravated by psychological defense mechanisms associated with depression, in which case weight loss may predictably increase psychological distress and possibly Percentage of subjects in each depression symptom category as assessed by the Beck Depression Inventory (BDI), for 262 subjects with paired preoperative and 1-year scores. 17.2 ± 9 7.8 ± 7 BDI in women (n = 216) 17.9 ± 9 7.8 ± 7 BDI in men (n = 45)
13.6 ± 8 7.9 ± 7 Preoperative BDI Ͻ16 (n = 130) 9.8 ± 4 5.8 ± 5 Preoperative BDI Ն16 (n = 132) 24.56 ± 7 9.8 ± 4 BDI using antidepressants (n = 50) 21.5 ± 8 13.2 ± 8 BDI with preoperative history of depression (n = 79) 21.9 ± 9 10.9 ± 8
Abbreviations: BDI, Beck Depression Inventory; BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters).
*Data are expressed as mean ± SD. All comparisons for preoperative vs postoperative values were significant (PϽ.001). depression. We found that subjects losing more weight predictably had greater falls in their BDI scores. Greater falls were also seen in subjects who we found to be at increased risk for obesity-related depression symptoms, ie, those who were younger or women, and those with poor preoperative AE scores. These findings also support the hypothesis that severe obesity causes or aggravates depression. There are clear limitations to the study. Our subjects were seeking a surgical solution to their obesity problem. They may therefore have greater physical, mental, or psychosocial distress than those who did not present. In addition, patients were asked to complete the questionnaires in the context of seeking treatment for obesity. Thus, problems associated with obesity may be overrepresented in their responses. This problem may be partly addressed by including a comparison of an interviewerrated scale such as the Hamilton Depression Scale with the BDI in future studies.
Obese subjects in our community may understandably experience many of the symptoms of depression. The stigmatization and discrimination experienced by obese subjects within our society cause major psychosocial distress. Combined with poor body image and repeated, usually failed attempts to lose weight, these stresses may lead to feelings of low self-esteem, guilt, and failure. Obesity is commonly accompanied by symptoms of sleep disturbance, daytime tiredness, and concerns regarding physical health.
When using the DSM-IV criteria to diagnose a major depressive disorder, one is obliged to exclude symptoms that are a direct physiological effect of a general medical condition. Could the physiological rather than psychological effects of obesity cause some symptoms, for example, those of sleep disturbance and daytime tiredness? This is an area that has not really been explored. This study provides some insight into the relationship between daytime sleepiness as measured by the ESS and obesity. Several studies have now found excessive daytime sleepiness in the absence of sleep apnea in obese subjects. 57, 58 In the present study, we demonstrate a positive relationship between the ESS and BDI scores, with a greater fall in ESS score associated with a greater fall in BDI score with weight loss. Clearly, the relationship between excessive daytime sleepiness and depression in obese subjects needs further careful exploration.
This study found no relationship between preoperative BDI score and weight loss after Lap-Band surgery. We have previously shown that a history of depression is not associated with the extent of weight loss. 54 The results of this study support the hypothesis that depression is a comorbidity of obesity. Characteristic attitudes and symptoms of depression in obese subjects are associated with major impairment of physical and mental quality-of-life measures. Younger women with poor body image are at greatest risk. Weight loss after LapBand surgery is associated with a major and sustained reduction in BDI scores, with greatest improvement in those with greater weight loss and those at greatest risk.
